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 Objective: To investigate the prevalence of Escherichia coli and Salmonella spp. and their virulence genes 
and antimicrobial resistance in pigeons and humans in El-Dakahlia province, Egypt. 
Design: Descriptive study. 
Samples: A total of 274 samples were collected from pigeons (148 cloacal swabs, 20 feather swabs, and 
26 egg samples), pigeons’ environment (21 feed samples and 21 water samples), and their contact 
humans (20 hand swabs and 18 stool samples) in El- Dakahlia province, Egypt 
Procedures: Cultural media, biochemical tests, and serotyping were used to isolate and identify E. coli 
and Salmonella from the collected samples. Moreover, multiplex-PCR for detecting virulence genes and 
antibiotic sensitivity tests were conducted on some E. coli and Salmonella isolates. 
Results: The overall infection rates of E. coli and Salmonella spp. were 79.2% and 4.0%, respectively. 
Various serotypes of E. coli and Salmonella were recorded. Different virulence genes such as stx1, stx2, 
and eaeA were detected in 19 of 20 E. coli isolates, as well as invA, hilA, and fimH virulence genes were 
identified in 9 Salmonella isolates. The results of the antibiotic sensitivity test showed that all E. coli 
(n=20) and Salmonella (n=9) isolates were resistant to erythromycin, moreover, all nine Salmonella 
isolates were resistant to nalidixic acid.  
Conclusion and clinical relevance: The results of this study indicate the role of pigeons in the 
transmission of both E. coli and Salmonella to humans. Therefore, strict hygienic measures should be 
taken into consideration when dealing with pigeons to diminish the potential transmission of both 
microorganisms.  
Keywords: Pigeon, E. coli, Salmonella, Zoonoses, Human, Antibiogram profile. 

1. INTRODUCTION 

Pigeons (domestic and feral) are universally distributed 
in all urban and suburban areas of the world's entire 
countries, and their population growth is increased 
worldwide. Homing pigeons are pet birds that live in 
proximity and close contact with domestic animals and 
humans, facilitating and expediting the spread of zoonotic 
microorganisms [1]. Previously, the transmission of various 
pathogenic agents from diseased pigeons to different kinds 
of poultry has been explored [2]. Several and different 
zoonotic agents had been isolated and identified in pigeons 
[3]. Previous studies showed that feral and domestic pigeons 
were recognized as potential reservoirs of Salmonella spp. 
and Escherichia coli [4-6] . 

Multiplex PCR has been used to characterize enteric 
bacteria such as E. coli and Salmonella strains and their toxins 
and virulence genes using primers to identify more than one 
target sequence in a single reaction [7, 8]. Antimicrobial 
resistance (AMR) restrains the therapeutic potencies of 
treatment against bacterial infections in various species of 
domestic animals especially poultry [9]. Birds, including 
pigeons, may harbor strains of AMR microorganisms and 
distributed them, embracing risk to humans [10]. Several 
food-producing animals carry multidrug-resistant (MDR) 
strains of E. coli and Salmonella and become a protruding 
problem worldwide.  It is potentially that animal hosts 
carrying antibiotic-resistant zoonotic microorganisms might 

enter through the food chain and environmental 
contamination to humans [11, 12]. Pigeons are deemed as 
one of the free-living birds, which may convey and carry many 
microbes with variable levels of antibiotic resistance [13, 14], 
leading to a rise in human pathogens resistance including, E. 
coli and Salmonella [15]. There are scarce peer-reviewed 
literature and publicly available data dealing with the role of 
pigeons and their environment as a considerable source and 
reservoir of zoonotic bacteria in Egypt. So, it was ultimately 
worth exploring the role of pigeons in harboring and 
disseminating the pathogenic E. coli and Salmonella strains 
that possess a significant public health hazard. Therefore, this 
study was designed to throw light on the isolation and 
identification of E. coli and Salmonella spp. from pigeons and 
their contact humans from El-Dakahlia province, Egypt using 
conventional and serological methods. Virulence genes of 
biochemically identified isolates were molecularly 
characterized by multiplex PCR, as well as their antimicrobial 
susceptibility tests were conducted. 

2.  MATERIALS AND METHODS 

2.1. Ethics statement 

  The fieldwork associated with this study proceeded in 
acquiescence with the Guide for the Care and Use of 
Laboratory Animals in Egypt. The protocol of this study was 
approved by the Ethics Committee of the Faculty of 
Veterinary Medicine, Mansoura University, Egypt. 

https://www.crossref.org/services/crossmark/
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2.2. Sample collections 

A total of 274 samples were randomly collected from 
pigeons (148 cloacal swabs, 20 feather swabs, and 26 egg 
samples either from fertile and non-fertile ones), pigeons’ 
environment (21 feed samples and 21 water samples), and 
their contact humans (20 hand swabs and 18 stool samples) 
in El-Dakahlia Governorate, Egypt. All samples were obtained 
under sterile conditions then placed into a tube containing 
0.1% buffered peptone water (BPW) (Oxoid, CM 1049), in an 
icebox, and then transferred to the laboratory of the 
Department of Hygiene and Zoonoses, Faculty of Veterinary 
Medicine, Mansoura University wherein, they were 
processed for isolation and identification of both E. coli and 
Salmonella species. 

2.3. Isolation and Identification of E. coli and Salmonella spp.  

E. coli and Salmonella spp. were isolated and identified 
as previously reported [16, 17]. In brief, a sterilized loop from 
the collected samples was streaked onto the surface of 
nutrient agar and incubated at 37 °C for 24 hours. Subcultures 
were then plated on MacConkey agar, eosin methylene blue 
(EMB) agar, xylose lysine deoxycholate (XLD) agar (Oxoid, 
CM0469B), and Salmonella-Shigella (SS) agar to obtain pure 
culture and cultural characteristics. 

2.4. Biochemical test  

Pure isolates were biochemically tested by using indole 
test, methyl red test, Voges–Proskauer (VP) test, citrate 
utilization test, urease test, triple sugar iron agar (TSI) test, 
Simmons' citrate agar test, and hydrogen peroxide 3% test 
[18]. 

2.5. Serological identification of E. coli and Salmonella: 

The biochemically proved E. coli isolates were 
serologically identified as previously described [19], using 
rapid diagnostic E. coli antisera sets (Denka Seiken Co., 
Japan). In addition, all Salmonella isolates were serotyped 
according to the Kaufmann-White scheme using O and H 
antisera (Difco) [20]. 

2.6. Molecular characterization of virulence genes of E. coli 
(n=20) and Salmonella (n=9) isolates  

Twenty E. coli and nine Salmonella isolates were 
virtually examined by multiplex PCR for detection of virulence 
genes to zoonotic strains of E. coli (stx1, stx2, and eaeA), and 
invA, hilA, and fimH virulence genes in Salmonella. 

2.6.1. Genomic DNA extraction  

Extraction of genomic DNA from individual colonies 
were performed using geneJET genomic DNA purification kit 
(Fermentas) following the methods described [21]. The 
eluted DNA in 200 μL was stored at -20 °C until molecular 
analysis. 

2.6.2.  DNA Amplification for virulence genes of E. coli using 
multiplex PCR 

Twenty confirmed E. coli isolates by biochemical and 
serological tests were subjected to PCR analysis for detection 
of a ∼180-bp, 225-bp and 384-bp fragments of the stx1, stx2 

and eaeA genes, respectively as previously described [22]. 
PCR reactions were performed in a total volume of 25 μL 
containing 3 µM of oligonucleotides, 200 µM of each 
deoxynucleoside triphosphate, 3.5 mM MgCl2, 2.5 U of DNA 
Taq polymerase, and 1 μL of each primer (Table 1), 1 μL of 
Template DNA and then completed to 25 μL with nuclease-
free water. The cycling protocol was started with initial 
denaturation at 94 °C for 5 min, followed by 35 cycles of 
denaturation at 95 °C for 1 min, annealing at 65 °C for the first 
10 cycles, decrementing to 60°C by cycle 15 for 2 min and 
extension at 72 °C for 1.5 min., with a final extension at 72 °C 
for 10 minutes. Each PCR analysis was conducted in duplicate, 
using DNA of the E. coli isolated from the chicken as the 
positive control and reagent-grade water as the negative 
control. Five µL from each PCR amplified products were 
electrophoresed on 1.5% agarose gel stained with ethidium 
bromide solution, visualized, and photographed the visible 
bands using an ultraviolet transilluminator. 

2.6.3. DNA amplification of virulence genes of Salmonella 

The nine biochemically and serologically confirmed 
Salmonella isolates were screened by multiplex PCR protocol 
targeting ∼284-bp, 497-bp and 1008-bp fragments of invA, 
hilA and fimH genes of Salmonella, respectively as previously 
described [23]. The PCR reactions were performed in 25 μL 
reaction volumes consisted of 2 μL of the bacterial DNA 
template, 10 μL of 10x assay buffer for Taq polymerase 
containing 1.5 mM MgCl2, 2 μL of 10 mM dNTP mix 1.25 U of 
Taq DNA polymerase and 1 μL each of forward and reverse 
primer (10 pmol) (table 1) and completed to 25 μL with 
nuclease-free water. The PCR cycling protocol was performed 
as following: An initial denaturation at 94°C for 4 min, 
followed by 35 cycles of denaturation at 94°C for 60 sec, 
annealing at 64°C for 30 sec and extension at 72°C for 30 sec, 
followed by a final extension at 72°C for 7 min. Each PCR 
analysis was conducted in duplicate, using DNA of the S. 
enteritidis isolated from the chicken as the positive control 
and reagent-grade water as the negative control. Finally, 5 μL 
of each amplicon was electrophoresed in 1.5 % agarose gel 
stained with ethidium bromide and visualized and captured 
on UV transilluminator. 

2.7. Antibiotic sensitivity assay for E. coli (n=20) and 
Salmonella (n=9) isolates  

The resistances of twenty E. coli and nine Salmonella 
isolates to amikacin (30μg), ampicillin (10μg),  cefotaxime (30 
μg), cephalothin (30 μg), cephradine (30 μg), ciprofloxacin (5 
μg), clindamycin (10 μg), doxycycline  (30 μg), erythromycin 
(15 μg), gentamycin (10 μg), nalidixic acid (30 μg), neomycin 
(20 μg),  norocillin (25 μg), penicillin G (10 IU), tetracycline (30 
μg), and sulphamethoxazole (1.25/23.75 μg) were 
determined by the disk diffusion method as previously 
illustrated in Clinical and Laboratory Standards Institute 
Guidelines [24]. 

2.8. Statistical analysis  

The infection rate of E. coli and Salmonella spp. were 
assessed from the proportion of positive to the total number 
of examined samples, with the exact binomial confidence 
intervals of 95% (95 CI%).  
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3. RESULTS AND DISCUSSION  

Pigeons may contribute as a candidate reservoir of 
zoonotic bacteria able to infect humans and other animals 
or/and birds, which constitute the human food chain [25]. E. 
coli and Salmonella are considered prevalent zoonotic 
diseases for humans. Pigeons play a role in transmitting E. coli 
and Salmonella, which creates considerable biological risk 
[26]. In the current study, Table 2 showed that the overall 
prevalence of E. coli was 79.2% (217/274), of which 90.2% 
from pigeon samples, 42.9% from pigeons' environment, and 
63.2% from humans in contact with pigeons. Moreover, the 
overall prevalence of Salmonella spp. was 4.0% (11 /274), of 
which 2.1% from pigeon samples, 4.8% pigeons' 
environment, and 13.1% from humans in contact with 
pigeons. No difference in the results was detected between 
the ratio of positive to the total number of examined samples. 
The prevalence of E. coli from pigeons in our study is greatly 
higher than those recorded in pigeons from Saudi Arabia 
(2.5%), India (4%), and Italy (7.8%) [26-28]. In Bangladesh, 
two studies found that the infection rate of E. coli in pigeons 
was 52.5% and 69.6% [5, 29]. The difference in prevalence 
may be attributed to the different diagnostic techniques 
used, different environments, climates, sample size, and 
regional variation [5]. The isolation rate of Salmonella from 
pigeons in the present study was slightly lower than what was 
detected in pigeons from Spain (4.4%) [30]. The prevalence of 
Salmonella from pigeon in earlier studies from Egypt were 
ranged from 4.8 to 13.3% [31, 32] .The diversity in Salmonella 
isolation rates from pigeons might be related to the variances 
in serotypes and habitats [33]. Our results indicated that the 
isolation rate of E. coli from humans was higher than that 
recorded in humans from Thailand (53%), while in the same 
study, the isolation rate of Salmonella from humans was 
nearly similar (15%) [34]. Moreover, we found that the 
percent of Salmonella isolation from hand swabs (22.2%) was 
higher than that detected from stool samples (5.0%), this is in 
line with results of Ahmed et al. (2016) [35] who isolated a 
higher percent of Salmonella from hand swabs (10%) than 
that from stool samples (0.8%), so it can be recommended 
that cleaning and disinfection of hands before and after 
contact with pigeons are essential to reduce the likelihood of 
cross-contamination.   

In our study, the most common serotype of twenty E. 
coli isolates was E. coli O78 isolated from two pigeon cloacal 
swabs, and one samples of each of egg samples, pigeon water 
samples, and human hand swabs then followed by E. coli 
O128:H2 that was isolated from pigeon cloacal samples and 
water samples, and human stool samples (one sample, each), 
as well as E. coli O91: H21 which was isolated from one 
sample of each of pigeon cloacal samples and feed sample, 
and human stool samples. Moreover, E. coli O26:H11 was 
isolated from human stool samples and hand swabs (Table 3). 
In addition, E. coli O2: H6 and O1: H7 were isolated from 
pigeon cloacal samples and pigeon egg samples, respectively. 
Nearly similar serotypes of E. coli were isolated from 
chickens, ducks, pigeons, and humans from El-Dakahlia 
province, Egypt [36]. Previous report showed that the avian 
pathogenic E. coli isolates especially, O1 and O2 have genetic 
commonalities and propinquities in virulence genes with 

neonatal meningitis E. coli and human uropathogenic E. coli 
and capabilities to cause meningitis and urinary tract 
infections in humans [37]. Meanwhile, the most common 
serotype of nine Salmonella isolates was S. kentucky (n=3) 
isolated from pigeon cloacal samples and egg samples, and 
human stool samples, followed by S. enteritidis (n=2) isolated 
from pigeon feed samples and human hand swabs, then one 
serotype for each S. wingrove, S. typhimurium, S. larochelle, 
and S. tsevie which were isolated from pigeon cloacal 
samples, pigeon water samples, pigeon water samples, and 
human hand swabs, respectively. In a previous study, S. 
typhimurium, S. newport, and S. emek were isolated from 
pigeons in Iraq [38]. In contrast to our results, the most 
common serotypes isolated from pigeons in Egypt was S. 
typhimurium [31, 32]. In another study from Egypt, S. 
salamae was the most common serotype of Salmonella 
isolated from pigeons [39]. Both S. typhimurium and S. 
enteritidis are responsible for the most human non-typhoidal 
salmonellosis [40]. Therefore, pigeons, particularly in high-
density areas of pigeons may be a reservoir for zoonotic E. 
coli and Salmonella, and this may constitute a threat to 
human health. 

Virulence genes are an array of factors that function 
synergistically to continue the growth of the microorganism 
within the host and abet it to show its virulence leading to the 
manifestation of the pathogenic process and the severity of 
the infection [41]. In this work, 20 E. coli isolates were 
subjected to multiplex PCR for detection of three virulence 
genes (Figure 1). The results indicated that stx2 gene is the 
most prevalent gene (13/20, 65%), followed by the stx1 gene 
(11/20, 55%), and the eaeA gene was detected in one isolate 
each among the 20 E. coli tested.  In addition, three virulence 
genes were recorded in 9 Salmonella isolates. using multiplex 
PCR, the invA gene was detected in all 9 isolates (100%), while 
hilA and fimH genes were investigated in 7 (77.8%) and 6 
(66.7%) of 9 isolates, respectively (Figure 2).  In the same 
manner, previous study from Egypt detected stx1, stx2, and 
eaeA genes from E. coli isolates from chickens, ducks, 
pigeons, and humans [36]. The invA gene was widely used for 
the recognition of Salmonella spp. in different samples and 
was related to intestinal invasion [42]. In agreement with our 
results, invA gene was amplified in all examined Salmonella 
serovars isolated from chicken, pigeons, and humans in Egypt 
[35, 36]. These findings are worthy and perhaps a public 
health worry since these isolates have a pathogenic 
possibility to cause disease in humans [43]. 

The results of the antibiogram profile of 20 E. coli and 9 
Salmonella spp isolates were presented in table (4). All the 
tested E. coli isolates (100%) were found to be resistant to 
erythromycin. Moreover, about 95%, 80%, 70%, 70%, 65%,  

55%, 50%, 45%, 45%, 40%, 30%, 25%, 20%, 10%, and 5% 
of E. coli isolates were found to be resistant to cefotaxime, 
sulphamethoxazole, clindamycin, nalidixic acid, tetracycline, 
cephradine, penicillin G, norocillin, cephalothin, doxycycline, 
neomycin, amikacin, ampicillin, gentamycin, and 
ciprofloxacin, respectively. Similarly, all isolates of Salmonella 
spp. (100%) were found to be resistant to erythromycin and 
nalidixic acid. In addition, about 77.8%, 66.7%, 55.6%, 55.6%, 
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44.4%, 44.4%, 44.4%, 33.3%, 33.3%, 33.3%, 33.3%, 22.2%, 
22.2%, and 11.1% of Salmonella isolates were found to be 
resistant to cephradine, norocillin, cefotaxime, 

sulphamethoxazole, clindamycin, penicillin G, cephalothin, 
tetracycline, neomycin, ampicillin, gentamicin, doxycycline, 
ciprofloxacin, and amikacin, respectively.  

Table 1. Oligonucleotide primers’ sequences used for identification of E. coli and Salmonella. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Incidence of E. coli and Salmonella spp. in pigeons, pigeons’ environment, and in contact humans. 

 

 

 

 

The obtained results for both E. coli and Salmonella 
antibiogram profiles were nearly similar to that previously 
observed in Egypt [31, 36]. A previous study showed that all 
isolates of E. coli from pigeons in India (n=21) were sensitive 
to ciprofloxacin and 61.90% of E. coli isolates were resistant 
to erythromycin, in the same study, all Salmonella spp. (n=11) 
isolates were found to be resistant to tetracycline [5]  .Our 
results differ from those obtained in Poland, where all 
Salmonella isolates were susceptible to enrofloxacin, 
amoxicillin with clavulanic acid, amoxicillin, flumequine, 
florfenicol, and trimethoprim/sulfamethoxazole [44]. The 
difference in antibiogram profiles between various studies 
may be attributed to the variance in the use of these 
antimicrobial drugs in different areas or due to the presence 
of distinct clones of E. coli and Salmonella in the study area 
[45]. Awareness should be directed to those antibiotics used 

in 

pigeons drinking water, pigeons feed, and as growth 
promoters in suboptimal doses. The observed high levels of 
resistance to antimicrobials reflected their common use in 
Egypt. It may be assumed that the great use of antimicrobials 
for the treatment and prevention of diseases without 
veterinary or medical consultation results in high levels of 
antibiotic resistance.    

4. CONCLUSION 

It could be concluded that pigeons from El- Dakahlia, 
Egypt are contaminated with E. coli and Salmonella spp., and 
many of these isolates bore zoonotic virulence genes, hence, 
pigeons and their environment constitute a significant 
problem for public health. Therefore, it is important to 
improve the management and hygienic practice measures, to 
decrease the hazard of infection with E. coli and Salmonella 
that could be spread from pigeons to humans. 

Target bacteria  Target primer  
Primer Oligonucleotide sequence (5′ → 3′) 

Product size 
(bp) 

 
Reference 

 
 
 
 
 
E. coli 

 
stx1  

(F) ATAAATCGCCATTCGTTGACTAC   
180 

 
 
 
[46] 

(R) AGAACGCCCACTGAGATCATC  

 
stx2  

(F) 5′ GGCACTGTCTGAAACTGCTCC ′3  
255 (R) 5′ TCGCCAGTTATCTGACATTCTG ′3 

 
eaeA  

(F) GACCCGGCACAAGCATAAGC   
384 (R) CCACCTGCAGCAACAAGAGG  

 
 
 
 
 
Salmonella 

 
invA  

(F) GTGAAATTATCGCCACGTTCGGGCA  
284 

 
[47] (R) TCATCGCACCGTCAAAGGAACC   

 
 
hilA  

(F) CTGCCGCAGTGTTAAGGATA   
497 

 
[48]  (R) CTGTCGCCTTAATCGCATGT  

 
fimH  

(F) GGA TCC ATG AAA ATA TAC TC   
1008 

 
[49] 

(R) AAG CTT TTA ATC ATA ATC GAC TC  

                Samples 

 

No. of sample 

collected 

E. coli 

 

Salmonella spp. 

No. of positive 

(%) 

95 CI% No. of positive 

(%) 

95 CI% 

Pigeons Cloacal swabs 148 144 (97.3) 0.94-0.99 3 (2.0) -0.002- 0.042 

Feather swabs 20 16 (80.0) 0.62-0.97 0 (0.0) 0.00 

Egg samples 26 15 (57.7) 0.38-0.76 1 (3.8) -0.035- 0.111 

Subtotal 194 175 (90.2) 0.86-0.94 4 (2.1) 0.001- 0.041  

Pigeons’ 

environment 

Water samples 21 9 (42.9) 0.21-0.64 2 (9.5) -0.030- 0.220 

Feed samples  21 9 (42.9) 0.21-0.64 0 (0.0) 0.00 

Subtotal 42 18 (42.9) 0.27-0.57 2 (4.8) -0.016- 0.112 

Humans Stool samples 20 13 (65.0) 0.44-0.85 1 (5.0) -0.045- 0.145 

Hand swabs 18 11 (61.1) 0.38-0.83 4 (22.2) 0.030- 0.413 

Subtotal 38 24 (63.2) 0.47-0.78 5 (13.2) 0.023- 0.238 

Total 274 217 (79.2)  11 (4.0)  
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Table 3. Serotypes of E. coli (n=20) and Salmonella spp. 

(n=9) from pigeons, pigeons’ environment, and humans’ 

samples. 

Samples E. coli 
serotypes (n) 

Salmonella serotypes (n) 

Pigeon cloacal 
samples 

O2: H6 (1) 
O78 (2) 
O91: H21 (1) 
O128: H2 (1) 
O146: H21 (1) 
O159 (1)     

Salmonella wingrove (1) 
Salmonella kentucky (1) 
 
 
  

Pigeon egg 
samples 

O1: H7 (1) 
O78 (1) 

Salmonella kentucky (1)  

Pigeon feed 
sample 

O91: H21 (1)  Salmonella enteritidis (1)   

Pigeon water 
samples 

O78 (1) 
O128: H2 (1)  

Salmonella larochelle (1) 
Salmonella typhimurium (1) 

Human stool 
samples 

O17: H18 (1) 
O26: H11(1) 
O55: H7 (1) 
O91: H21 (1) 
O128: H2 (1) 

Salmonella kentucky (1) 

Human hand 
swabs 
 

O26: H11(1) 
O78 (1) 
O124 (1) 

Salmonella tsevie (1) 
Salmonella enteritidis (1)   

 

 

Figure 1. Agarose gel electrophoresis of multiplex PCR of stx1 (180 bp), stx2 
(255 bp) and eaeA (384 bp) virulence genes for characterization of 
Enteropathogenic E. coli. Lane M: 100 bp ladder as molecular size DNA 
marker. Lane C+: Control positive E. coli for stx1, stx2 and eaeA genes. Lane 
C-: Control negative. Lanes 1, 2, 3, 4, 5, 6, and 7 are pigeon cloacal swabs. 
Lanes 8 and 9 are pigeon egg samples.  Lane 10 is pigeon feed sample. Lanes 
11 and 12 are pigeon water samples. Lanes 13, 14, 15, 16, and 17 are human 
stool samples. Lanes 18, 19 and 20 are human hand swabs. 

 

Table 4. Antibiogram profile of E. coli (n=20) and Salmonella 

spp. (n=9) to different antimicrobials. 

Figure 2. Agarose gel electrophoresis of multiplex PCR of invA (284 bp), hilA 
(497 bp) and fimH (1008 bp) virulence genes for characterization of 
Salmonella species. Lane M: 100 bp ladder as molecular size DNA marker. 
Lane C+: Control positive strain for invA, hilA and fimH genes. Lane C-: Control 
negative. Lanes 1 and 2 are pigeon cloacal samples. Lane 3 is pigeon egg 
sample. Lane 4 is pigeon feed sample. Lane 5 and 6 are pigeon water samples. 
Lane 7 is human stool sample. Lane 8 and 9 are human hand swabs.  

 

4. REFERENCES 
 
[1] Carvalho D, Kunert-Filho HC, Simoni C, de Moraes LB, Furian TQ, 

Borges KA, et al. Antimicrobial susceptibility and detection of 
virulence-associated genes of Escherichia coli and Salmonella spp. 
isolated from domestic pigeons (Columba livia) in Brazil. Folia 
Microbiol. 2020;65:735-45. https://doi.org/10.1007/s12223-020-
00781-w 

[2] Alexander DJ, Wilson GW, Russell PH, Lister SA, Parsons G. 
Newcastle disease outbreaks in fowl in Great Britain during 1984. 
Vet Rec. 1985;117:429-34. https://doi.org/10.1136/vr.117.17.429 

 [3] Haag‐Wackernagel D. Die Taube-eine Erfolgsgeschichte. Vom 
Liebling der Götter zur Eroberung der Städte. Biol Unserer Zeit. 
2011;41:44-52. https://doi.org/10.1002/biuz.201110441 

 [4] Vasconcelos RH, Teixeira RSdC, Silva INGd, Lopes EdS, Maciel WC. 
Feral pigeons (Columba livia) as potential reservoirs of Salmonella 
sp. and Escherichia coli. Arq Inst Biol. 2018;85. 
https://doi.org/10.1590/1808-1657000412017 

 [5] Karim SJI, Islam M, Sikder T, Rubaya R, Halder J, Alam J. Multidrug-
resistant Escherichia coli and Salmonella spp. isolated from 

Antimicrobial agent 
 

Numbers of isolates showing 
resistant to antimicrobial  

 E. coli (%) Salmonella (%) 
Erythromycin (E)  20 (100) 9 (100) 
Cefotaxime (CF) 19 (95) 5 (55.6) 
Sulphamethoxazole (SXT) 16 (80) 5 (55.6) 
Clindamycin (CL) 14 (70) 4 (44.4) 
Nalidixic acid (NA) 14 (70) 9 (100) 
Tetracycline (T) 13 (65) 3 (33.3) 
Cephradine (CE) 11 (55) 7 (77.8) 
Penicillin G (P) 10 (50) 4 (44.4) 
Norocillin (NO) 9 (45) 6 (66.7) 
Cephalothin (CN) 9 (45) 4 (44.4) 
Doxycycline (DO) 8 (40) 2 (22.2) 
Neomycin (N) 6 (30) 3 (33.3) 
Amikacin (AK) 5 (25) 1 (11.1) 
Ampicillin (AM) 4 (20) 3 (33.3) 
Gentamycin (G) 2 (10) 3 (33.3) 
Ciprofloxacin (CP) 1 (5) 2 (22.2) 
   

https://doi.org/10.1007/s12223-020-00781-w
https://doi.org/10.1007/s12223-020-00781-w
https://doi.org/10.1136/vr.117.17.429
https://doi.org/10.1002/biuz.201110441
https://doi.org/10.1590/1808-1657000412017


                                                                                                             A.  Hagag et al. 2022                                                                                                          29 

 

Mansoura vet Med J 23:1 (2022) 24-30 

pigeons. Vet World. 2020;13:2156. 
https://doi.org/10.14202/vetworld.2020.2156-2165 

 [6] Lacassin F, Mino JC, Benoit C, Perronne C, Leport C, Vildé JL. A 
propos d'un cas de salmonellose aviaire. Rev Med Interne. 
1995;16:77-8. https://doi.org/10.1016/0248-8663(96)80671-0 

[7] Cortez ALL, Carvalho A, Ikuno AA, Bürger KP, Vidal-Martins AMC. 
Identification of Salmonella spp. isolates from chicken abattoirs by 
multiplex-PCR. Res Vet Sci. 2006;81:340-4. 
https://doi.org/10.1016/j.rvsc.2006.03.006 

[8] Álvarez-Fernández E, Alonso-Calleja C, García-Fernández C, Capita 
R. Prevalence and antimicrobial resistance of Salmonella serotypes 
isolated from poultry in Spain: comparison between 1993 and 
2006. Int J Food Microbiol. 2012;153:281-7. 
https://doi.org/10.1016/j.ijfoodmicro.2011.11.011 

 [9] Williams RJ, Heymann DL. Containment of antibiotic resistance. 
Science. 1998;279:1153-4. 

https://doi.org/10.1126/science.279.5354.1153 
 [10] Gutiérrez LM, Garcia-Lopez ML, Otero A, Garciafernandez MC, 

Moreno B. Incidence of staphylococci in ovine mastitic milk and 
antibiotic susceptibility of the strains. Milchwissenschaf. 
1990;45:778-81. 

[11] Molback M, Gerrner SP, Wegener HC. Increasing quinolone 
resistance in Salmonella spp. enterica serotype enteritidis. Emerg 
Infect Dis. 2002;8:514-5. https://doi.org/10.3201/eid0805.010288 

 [12] Threlfall EJ. Antimicrobial drug resistance in Salmonella: problems 
and perspectives in food- and water-borne infections. FEMS 
Microbiol Rev. 2002;26:141-8. https://doi.org/10.1111/j.1574-
6976.2002.tb00606.x 

 [13] Silva VL, Nicoli JR, Nascimento TC, Diniz CG. Diarrheagenic 
Escherichia coli strains recovered from urban pigeons (Columba 
livia) in Brazil and their antimicrobial susceptibility patterns. Curr 
Microbiol. 2009;59:302-8. https://doi.org/10.1007/s00284-009-
9434-7 

 [14] Dutta P, Borah M, Sarmah R, Gangil R. Isolation of Salmonella 
Typhimurium from pigeons (Columba livia) in Greater Guwahati, its 
histopathological impact and antibiogram. Comp Clin Pathol. 2013; 
22:147-150. https://doi.org/10.1007/s00580-012-1614-3 

 [15] Eurosurveillance Editorial Team, The 2013 joint ECDC/EFSA report 
on trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks published. Euro surveillance : bulletin Europeen 
sur les maladies transmissibles = European communicable disease 
bulletin. 2015; 20: 6-6. https://doi.org/10.2807/ese.20.04.21021-
en 

 [16] Edwards PR, Ewing WH. Identification of Enterobacteriaceae, 3rd 
ed. Burgess Publishing Co., Minneapolis, Minnesota. 1972. 

 [17] Cowan, S. T., & Steel, K. J., Cowan and Steel's Manual for 
Identification of Medical Bacteria. 2nd ed. Cambridge University 
Press, Cambridge. 1965:138-9. 

 [18] MacFaddin JF. Biochemical tests for identification of medical 
bacteria. 2000. 

 [19] Kok T, Worswich D, Gowans E. Some serological techniques for 
microbial and viral infections. Practical Medical Microbiology 
(Collee, J; Fraser, A; Marmion, B and Simmons, A, eds), 14th ed, 
Edinburgh, Churchill Livingstone, UK. 1996:179-204. 

 [20] Kauffmann F. Die moderne Klassifikation und Nomenklatur der 
Bakterien [Modern classification and nomenclature of bacteria]. 
Curr Top Microbiol Immunol. 1971;56:1-12. 
https://doi.org/10.1007/978-3-642-65241-7_1 

 [21] Sambrook J, Fritsch ER, Maniatis T. Molecular Cloning: A 
Laboratory Manual (2nd ed.). Cold Spring Harbor, NY: Cold Spring 
Harbor Laboratory Press. 1989. 

 [22] Borges CA, Beraldo LG, Maluta RP, Cardozo MV, Guth BEC, 
Rigobelo EC, et al. Shiga toxigenic and atypical enteropathogenic 
Escherichia coli in the feces and carcasses of slaughtered pigs. 
Foodborne Pathog Dis. 2012;9:1119-25. 
https://doi.org/10.1089/fpd.2012.1206 

 [23] Barbau-Piednoir E, Bertrand S, Mahillon J, Roosens NH, 
Botteldoorn N. SYBR®Green qPCR Salmonella detection system 
allowing discrimination at the genus, species and subspecies levels. 
Appl Microbiol Biotechnol. 2013;97:9811-24. 
https://doi.org/10.1007/s00253-013-5234-x 

 [24] CLSI. Performance Standards for Antimicrobial Susceptibility 
Testing. 27th ed. Clinical and Laboratory Standards Institute, 
Wayne, Pennsylvania, USA. . 2017. 

 [25] Pedersen K, Clark L. A review of Shiga toxin Escherichia coli and 
Salmonella enterica in cattle and free-ranging birds: potential 
association and epidemiological links. Human-Wildlife Conflicts. 
2007;1:68-77. 

 [26] Abulreesh HH. Free Living Rock Pigeon (Columba livia) as an 
Environmental Reservoir of Enteric Bacterial Pathogens Resistant 
to Antimicrobial Drugs in Saudi Arabia. Curr Res Bacteriol. 
2011;4:28-33. https://doi.org/10.3923/crb.2011.28.33 

 [27] Gargiulo A, Russo TP, Schettini R, Mallardo K, Calabria M, Menna 
LF, et al. Occurrence of enteropathogenic bacteria in urban pigeons 
(Columba livia) in Italy. Vector Borne Zoonotic Dis. 2014;14:251-5. 
https://doi.org/10.1089/vbz.2011.0943 

 [28] Wani SA, Samanta I, Bhat MA, Nishikawa Y. Investigation of shiga 
toxin‐producing Escherichia coli in avian species in India. Lett Appl 
Microbiol. 2004;39:389-94. https://doi.org/10.1111/j.1472-
765X.2004.01586.x 

 [29] Dey RK, Khatun MM, Islam MA, Hosain MS. Prevalence of 
multidrug resistant Escherichia coli in Pigeon in Mymensingh, 
Bangladesh. Microbes Health. 2013;2:5-7. 
https://doi.org/10.3329/mh.v2i1.17254 

 [30] Perez-Sancho M, García-Seco T, Porrero C, García N, Gomez-
Barrero S, Cámara JM, et al. A ten-year-surveillance program of 
zoonotic pathogens in feral pigeons in the City of Madrid (2005-
2014): The importance of a systematic pest control. Res Vet Sci. 
2020;128:293-8. https://doi.org/10.1016/j.rvsc.2019.12.006 

 [31] Osman KM, Marouf SH, Mehana OA, AlAtfeehy N. Salmonella 
enterica serotypes isolated from squabs reveal multidrug 
resistance and a distinct pathogenicity gene repertoire. Rev Sci 
Tech Off Int Epiz. 2014;33:1-19. 
https://doi.org/10.20506/rst.33.3.2336 

 [32] Ammar A, Sultan H, El-Sayed I, Yousef S, Mamdouh R. 
Seroprevalence of Salmonellosis among Pigeon and its Surrounding 
Environment and Isolation of Salmonella Species. Int J Sci Res. 
2014;3:1856-62. 

 [33] Hoelzer K, Switt AIM, Wiedmann M. Animal contact as a source of 
human non-typhoidal salmonellosis. Vet Res. 2011;42:1-28. 
https://doi.org/10.1186/1297-9716-42-34 

 [34] Hanson R, Kaneene JB, Padungtod P, Hirokawa K, Zeno C. 
Prevalence of Salmonella and E. coli, and their resistance to 
antimicrobial agents, in farming communities in northern Thailand. 
Southeast Asian J Trop Med Public Health. 2003;33:120-6. 

 [35] Ahmed HA, El-Hofy FI, Shafik SM, Abdelrahman MA, Elsaid GA. 
Characterization of virulence-associated genes, antimicrobial 
resistance genes, and class 1 integrons in Salmonella enterica 
serovar Typhimurium isolates from chicken meat and humans in 
Egypt. Foodborne Pathog Dis. 2016;13:281-8. 
https://doi.org/10.1089/fpd.2015.2097 

 [36] Nasser M, El-Gohary A, Mohamed A. Role of domestic birds in 
transmission of Escherichia coli and Salmonella as a zoonotic 
pathogens. M. V. Sc. Thesis, Fac. Vet. Med. Egypt. 2018. 
https://doi.org/10.21608/mvmj.2018.197349 

 [37] Kathayat D, Lokesh D, Ranjit S, Rajashekara G. Avian Pathogenic 
Escherichia coli (APEC): An Overview of Virulence and Pathogenesis 
Factors, Zoonotic Potential, and Control Strategies. Pathogens. 
2021;10:467. https://doi.org/10.3390/pathogens10040467 

 [38] Al-Aalim AM. Isolation and identification of Salmonella 
microorganisms from pigeons and their pathogenicity in broiler 
chicks. Bas J Vet Res. 2017;16:333-47. 

 [39] Abdeen E, Elmonir W, Suelam IIA, Mousa WS. Antibiogram and 
genetic diversity of Salmonella enterica with zoonotic potential 
isolated from morbid native chickens and pigeons in Egypt. J Appl 
Microbiol. 2018;124:1265-73. https://doi.org/10.1111/jam.13697 

 [40] Xia S, Hendriksen RS, Xie Z, Huang L, Zhang J, Guo W, et al. 
Molecular characterization and antimicrobial susceptibility of 
Salmonella isolates from infections in humans in Henan Province, 
China. J Clin Microbiol. 2009;47:401-9. 
https://doi.org/10.1128/JCM.01099-08 

 [41] Murugkar HV, Rahman H, Dutta PK. Distribution of virulence genes 
in Salmonella serovars isolated from man & animals. Indian J Med 
Res. 2003;117:66. 

 [42] McWhorter AR, Tearle R, Moyle TS, Chousalkar KK. In vivo passage 
of Salmonella Typhimurium results in minor mutations in the 
bacterial genome and increases in vitro invasiveness. Vet Res. 
2019;50:71. https://doi.org/10.1186/s13567-019-0688-1 

https://doi.org/10.14202/vetworld.2020.2156-2165
https://doi.org/10.1016/0248-8663(96)80671-0
https://doi.org/10.1016/j.rvsc.2006.03.006
https://doi.org/10.1016/j.ijfoodmicro.2011.11.011
https://doi.org/10.1126/science.279.5354.1153
https://doi.org/10.3201/eid0805.010288
https://doi.org/10.1111/j.1574-6976.2002.tb00606.x
https://doi.org/10.1111/j.1574-6976.2002.tb00606.x
https://doi.org/10.1007/s00284-009-9434-7
https://doi.org/10.1007/s00284-009-9434-7
https://doi.org/10.1007/s00580-012-1614-3
https://doi.org/10.2807/ese.20.04.21021-en
https://doi.org/10.2807/ese.20.04.21021-en
https://doi.org/10.1007/978-3-642-65241-7_1
https://doi.org/10.1089/fpd.2012.1206
https://doi.org/10.1007/s00253-013-5234-x
https://doi.org/10.3923/crb.2011.28.33
https://doi.org/10.1089/vbz.2011.0943
https://doi.org/10.1111/j.1472-765X.2004.01586.x
https://doi.org/10.1111/j.1472-765X.2004.01586.x
https://doi.org/10.3329/mh.v2i1.17254
https://doi.org/10.1016/j.rvsc.2019.12.006
https://doi.org/10.20506/rst.33.3.2336
https://doi.org/10.1186/1297-9716-42-34
https://doi.org/10.1089/fpd.2015.2097
https://doi.org/10.21608/mvmj.2018.197349
https://doi.org/10.3390/pathogens10040467
https://doi.org/10.1111/jam.13697
https://doi.org/10.1128/JCM.01099-08
https://doi.org/10.1186/s13567-019-0688-1


                                                                                                             A.  Hagag et al. 2022                                                                                                          30 

 

Mansoura vet Med J 23:1 (2022) 24-30 

 [43] Kaur J, Jain SK. Role of antigens and virulence factors of Salmonella 
enterica serovar Typhi in its pathogenesis. Microbiol Res. 
2012;167:199-210. https://doi.org/10.1016/j.micres.2011.08.001 

 [44] Stenzel T, Bancerz-Kisiel A, Tykalowski B, Smialek M, Pestka D, 
Koncicki A. Antimicrobial resistance in bacteria isolated from 
pigeons in Poland. Pol J Vet Sci. 2014;17. 
https://doi.org/10.2478/pjvs-2014-0023 

 [45] Sarba EJ, Kelbesa KA, Bayu MD, Gebremedhin EZ, Borena BM, 
Teshale A. Identification and antimicrobial susceptibility profile of 
Escherichia coli isolated from backyard chicken in and around 
ambo, Central Ethiopia. BMC Vet Res. 2019;15:1-8. 
https://doi.org/10.1186/s12917-019-1830-z 

 [46] Paton AW, Paton JC. Detection and characterization of Shiga 
toxigenic Escherichia coli by using multiplex PCR assays for stx1, 
stx2, eaeA, enterohemorrhagic E. coli hlyA, rfbO111, and rfbO157. 

J Clin Microbiol. 1998;36:598-602. 
https://doi.org/10.1128/JCM.36.2.598-602.1998 

 [47] Shanmugasamy M, Velayutham T, Rajeswar J. Inv A gene specific 
PCR for detection of Salmonella from broilers. Vet World. 
2011;4:562-4. https://doi.org/10.5455/vetworld.2011.562-564 

 [48] Guo X, Chen J, Beuchat LR, Brackett RE. PCR detection of 
Salmonella enterica serotype Montevideo in and on raw tomatoes 
using primers derived from hilA. Appl Environ Microbiol. 
2000;66:5248-52. https://doi.org/10.1128/AEM.66.12.5248-
5252.2000 

 [49] Uchiya KI, Kamimura Y, Jusakon A, Nikai T. Salmonella Fimbrial 
Protein FimH Is Involved in Expression of Proinflammatory 
Cytokines in a Toll-Like Receptor 4-Dependent Manner. Infect 
Immun. 2019;87: e00881-18. https://doi.org/10.1128/IAI.00881-
18 

 
 

https://doi.org/10.1016/j.micres.2011.08.001
https://doi.org/10.2478/pjvs-2014-0023
https://doi.org/10.1186/s12917-019-1830-z
https://doi.org/10.1128/JCM.36.2.598-602.1998
https://doi.org/10.5455/vetworld.2011.562-564
https://doi.org/10.1128/AEM.66.12.5248-5252.2000
https://doi.org/10.1128/AEM.66.12.5248-5252.2000
https://doi.org/10.1128/IAI.00881-18
https://doi.org/10.1128/IAI.00881-18

